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ABSTRACT 

This document is the Final Report of the Inter-American Metrology System 

supplementary comparison on pistonphone calibration SIM.AUV.A-S2 that took place 

between September 2018 and January 2020. Seven national metrology institutes 

participated on this comparison: CENAM/Mexico, INACAL/Peru, INMETRO/Brazil, 

INTI/Argentina, LACOMET/Costa Rica, NIST/USA and NRC/Canada. INMETRO was the 

pilot institute responsible for the coordination of this comparison. One pistonphone was 

circulated among the participants to carry out calibrations according to the international 

standard IEC 60942:2017 using both LS1P and LS2P measurement microphones. Beyond 

the mandatory measurement of the sound pressure level, it was requested to the 

participants report measurement results of frequency, total harmonic distortion and 

total distortion + noise (measured over a bandwidth of 22.4 Hz to 22.4 kHz) for the 

purpose of investigation. For sound pressure level and frequency measurement results, 

supplementary comparison reference values (SCRVs) were determined using the 

weighted mean method and the corresponding degrees of equivalence between each 

participant and the SCRV are presented. All participants presented consistent results. 

For total harmonic distortion and total distortion + noise measurements, SCRVs were 

not calculated and the values reported by participants are compared with the calculated 

arithmetic mean and weighted mean values. Overall, the supplementary comparison 

SIM.AUV.A-S2 was considered successful and fit its purpose. 
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1 INTRODUCTION 

The supplementary comparison SIM.AUV.A-S2 is the second comparison on 

pistonphone calibration carried out under the auspices of the Inter-American Metrology 

System (SIM). Seven national metrology institutes (NMIs), all belonging to the SIM, 

participated on this comparison and one pistonphone was circulated between them. 

Each participant used its own technical procedure in addition to the agreed technical 

protocol. This report presents the history relative to the technical protocol approval, 

lists the participating institutes, details the traveling pistonphone, describes the 

statistical criteria for performance assessment, presents the results reported by the 

participants, evaluates statistically the institutes’ performance, and provides comments 

on the results obtained. 

 

2 COMPARISON PROTOCOL 

On April 2018, a first proposal of technical protocol on pistonphone calibration was 

prepared by the pilot institute and circulated between the members of SIM Metrology 

Working Group (MWG-9) for comments. Shortly after this, a revised version was 

circulated for approval. After the approval by the MWG-9 members, on May 2018, it was 

submitted to the Key Comparison Working Group (KCWG) of the Consultative 

Committee for Acoustics, Ultrasound and Vibration (CCAUV) for review. The final 

technical protocol [1] was approved by the KCWG on August 2018, and it was published 

together with the supplementary comparison registration and progress form on the Key 

Comparison Data Base (KCDB) of the Bureau International des Poids et Mesures (BIPM). 

Two supplements were issued later. The first one, issued on April 2019, changed the 

order of participation between two NMIs and introduced a little shift on the timetable. 

This was done to take advantage of a technical meeting to transfer the pistonphone by 

hand from one participant to another one. All involved NMIs were consulted and agreed 

with this schedule adjustment. The second one, issued on July 2019, introduced another 

shift on the timetable due to the pistonphone retention in customs. 

 

3 PARTICIPANTS AND TIMETABLE 

3.1 Participants 

The participating NMIs were: Centro Nacional de Metrología (CENAM, from Mexico); 

Instituto Nacional de Calidad (INACAL, from Peru); Instituto Nacional de Metrologia, 

Qualidade e Tecnologia (INMETRO, from Brazil); Instituto Nacional de Tecnología 

Industrial (INTI, from Argentina); Laboratorio Costarricense de Metrologia (LACOMET, 

from Costa Rica); National Institute of Standards and Technology (NIST, from USA); and 

National Research Council Canada (NRC, from Canada). The role of pilot institute was 

undertaken by INMETRO.  
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3.2 Timetable 

Measurements took place between September 2018 and January 2020. The time 

schedule was organized considering the circulation of the pistonphone in a ring 

configuration, with an intermediate stability check by the pilot institute. The sequence 

of participants was chosen in order to optimize the transportation of the pistonphone 

between them. The actually performed measurement and circulation timetable of the 

pistonphone is presented in Table 1. 

Table 1 – Measurement and circulation timetable of the pistonphone. 

National Metrology Institute Period for measurements 

INMETRO September 24th to October 5th, 2018 

Transportation of the pistonphone by previous NMI to the next one 

NRC October 22nd to November 2nd, 2018 

Transportation of the pistonphone by previous NMI to the next one 

NIST November 19th to 30th, 2018 

Transportation of the pistonphone by previous NMI to the next one 

CENAM December 17th, 2018 to January 11th, 2019 

Transportation of the pistonphone by previous NMI to the next one 

INMETRO January 28th to February 8th, 2019 

Transportation of the pistonphone by previous NMI to the next one 

INTI February 25th to March 15th, 2019 

Transportation of the pistonphone by previous NMI to the next one 

LACOMET April 8th to 19th, 2019 

Transportation of the pistonphone by previous NMI to the next one 

INACAL July 18th to August 26th, 2019 

INACAL October 14th to 22nd, 2019 

Transportation of the pistonphone by previous NMI to the next one 

INMETRO December 2nd, 2019 to January 2nd, 2020 
 

INMETRO carried out measurements in three periods during the pistonphone 

circulation, but only the results obtained during the first period were used for 

comparison with the supplementary comparison reference value (SCRV). The results 

obtained during the second and third periods were used only to check the pistonphone’s 

stability. 

INACAL carried out measurements in two periods during the pistonphone circulation. 

The first one, before a request from the pilot institute to check and confirm its results 

(more details in item 6). The second one was after this request. Only the results obtained 

during the second period were used for comparison with the SCRV.  It should be noted 

that the pilot institute was not consulted by INACAL about its desire to make new 

measurements and only became aware of this when analyzing the revised 

documentation submitted after the request for check and confirmation of its data. 

These new measurements were possible because INACAL had difficulties to return of 

the pistonphone to INMETRO and it was kept for a longer period than initially expected. 

As the SCRV had not been disclosed, the coordination of this comparison understood 
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that there was no problem in using the results obtained during the second period, since 

this occurrence was registered. 

 

4 TRAVELING PISTONPHONE 

4.1 Pistonphone 

The artefact circulated among the institutes was one pistonphone manufactured by 

Brüel and Kjaer, type 4228 [2] and serial number 2836183, with its one-inch to half-inch 

adaptor type DP 0776 (for coupling of LS2P measurement microphones) and its user 

manual.  

Each participant had to calibrate the pistonphone using the microphone method (insert 

voltage technique) and report the generated sound pressure level. Reports of frequency, 

total harmonic distortion and total distortion + noise (measured over a bandwidth of 

22.4 Hz to 22.4 kHz) of the sound pressure level generated by the pistonphone were also 

suggested for the purpose of investigation. Total harmonic distortion is defined as the 

ratio of the root-mean-square (rms) value of the harmonic content to the rms value of 

the fundamental component or the reference fundamental component of an alternating 

quantity [3]. On the other side, total distortion + noise is the ratio of the rms of the total 

distortion and noise components, including any harmonics and sub-harmonics, to the 

rms of the entire signal [4]. 

 All measurements were to be performed using both a LS2P and a LS1P measurement 

microphone. In the case of a participant being able to perform measurements with only 

one type of microphone, then the report of results should clearly state which type of 

microphone was used. The pistonphone circulated between the participants is owned 

by INMETRO, who kindly supplied it for this project. 

4.2 Stability check 

INMETRO checked the pistonphone’s stability before the beginning of circulation, during 

the comparison and after the end of circulation. This checking consisted of pistonphone 

calibrations by the microphone method using the insert voltage technique in order to 

obtain the generated sound pressure level, frequency, total harmonic distortion and 

total distortion + noise (measured over a bandwidth of 22.4 Hz to 22.4 kHz). All stability 

measurements were performed using a LS2P and a LS1P measurement microphone. 

Figures 1 to 8 show the differences of measured values at each check calibration with 

respected to their common average. No significant trend was observed, although 

notable variances in the measured values of total harmonic distortion and total 

distortion + noise, with respect to the reported measurement uncertainty, were 

observed. 
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Figure 1 – Differences of the sound pressure levels measured using a LS2P microphone 

at each check calibration with respect to their common average. Uncertainty bounds 

are shown. 

 
Figure 2 – Differences of the sound pressure levels measured using a LS1P microphone 

at each check calibration with respect to their common average. Uncertainty bounds 

are shown. 
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Figure 3 – Differences of the frequencies measured using a LS2P microphone at each 

check calibration with respect to their common average. Uncertainty bounds are 

shown. 

 
Figure 4 – Differences of the frequencies measured using a LS1P microphone at each 

check calibration with respect to their common average. Uncertainty bounds are 

shown. 
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Figure 5 – Differences of total harmonic distortion measured using a LS2P microphone 

at each check calibration with respect to their common average. Uncertainty bounds 

are shown. 

 
Figure 6 – Differences of total harmonic distortion measured using a LS1P microphone 

at each check calibration with respect to their common average. Uncertainty bounds 

are shown. 
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Figure 7 – Differences of total distortion + noise measured using a LS2P microphone at 

each check calibration with respect to their common average. Uncertainty bounds are 

shown. 

 

Figure 8 – Differences of total distortion + noise measured using a LS1P microphone at 

each check calibration with respect to their common average. Uncertainty bounds are 

shown. 

 

5 STATISTICAL CRITERIA FOR PERFORMANCE ASSESSMENT 

Performance assessment was made using the Procedure A presented by M. G. Cox in 

the paper “The Evaluation of Key Comparison Data” [5] and the Procedure Full 
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Enumeration also shown by M. G. Cox in the paper “The Evaluation of Key Comparison 

Data: Determining the Largest Consistent Subset” [6]. 

In summary, the weighted mean (using the standard uncertainty as weighting factor) 

and its standard deviation are determined. Then, the chi-squared test (with a probability 

of 5 %) is applied to carry out an overall consistency check of the measurement results. 

When the consistency does not fail, the weighted mean is accepted as the SCRV, its 

standard deviation is accepted as the standard uncertainty and the degrees of 

equivalence are calculated. When the consistency check fails, anomalous measurement 

results are identified (comparing the differences between the results and the weighted 

mean with the uncertainties of those differences) and the corresponding institutes are 

invited to check their results for any numerical errors. If no numerical error is found, 

then a new weighted mean and its standard deviation are determined after removing 

the most anomalous measurement result and the process is re-started. On the other 

side, if a numerical error is found, a new weighted mean and its standard deviation are 

determined considering the new value and the process is re-started. 

 

6 REPORTED RESULTS 

The participants were requested to report their results using a spreadsheet template 

previously sent by the pilot institute. The value of the measurand was to be presented 

with one extra decimal figure than its respective uncertainty. The pilot institute rounded 

the results of each participant to the same number of decimal figures of the reported 

uncertainty. In addition to the template, a formal calibration certificate usually issued 

by the participant and an uncertainty budget were requested. 

The results reported by each participant were analyzed according to item 5. An 

anomalous measurement result was identified in the submitted results of INACAL for 

sound pressure level measured using a LS2P microphone. In accordance with the CIPM 

MRA guidelines [7], INACAL was invited to check its results. It was informed on the 

parameter of the anomalous measurements results (for example, sound pressure level), 

but it was not informed about the type of microphone associated to the data (for 

example, LS2P measurement microphone). 

INACAL carried out new measurements, which were possible due to difficulties to return 

the pistonphone to INMETRO and it was kept for a longer period in Peru than initially 

expected (see subitem 3.2 for more details). Therefore, INACAL reviewed its results and 

submitted new values for all measured parameters, i.e. results for sound pressure level, 

frequency and total harmonic distortion measured using a LS2P microphone. The new 

set of results were analyzed again and no anomalous measurement results was 

identified. The first and the revised sets of results submitted by INACAL are summarized 

in Appendix A. The two full spreadsheets reported by INACAL are presented in Appendix 

B. 
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The final reported results are shown in Figures 9 to 16 and Tables 2 to 9. Participants are 

presented according to the order of their participation. The spreadsheet templates filled 

by each participant are presented in Appendix B and uncertainty budgets for sound 

pressure level measurements sent by each participant are presented in Appendix C. The 

report of sound pressure level measurement was mandatory, while reports of 

frequency, total harmonic distortion and total distortion + noise measurements were 

just suggested for the purpose of investigation. 

 
Figure 9 – Results reported by participants: Sound pressure level (corrected for load 

volume and for the reference environmental conditions) measured using a LS2P 

microphone. 

Table 2 – Results reported by participants: Sound pressure level (corrected for load 

volume and for the reference environmental conditions) measured using a LS2P 

microphone. 

NMI 
Measured SPL 

[dB (reference: 20 Pa)] 

Expanded Uncertainty 

95 %, k = 2 

[dB (reference: 20 Pa)] 

INMETRO 123.95 0.07 

NRC 123.97 0.07 

NIST 123.93 0.07 

CENAM   123.90a   0.08a 

INTI 123.97 0.08 

LACOMET 123.89 0.06 

INACAL    123.95b,c      0.12b,c,d 

Notes: 
a The SPL was measured by the “direct measurement” method. Despite of the technical 

protocol [1] stating that it should be measured by the microphone method (insert 

voltage technique), the measurement result was considered for comparison purposes. 
b The SPL was measured by the sound calibrator comparison method. Despite of the 

technical protocol [1] stating that it should be measured by the microphone method 
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(insert voltage technique), the measurement result was considered for comparison 

purposes. 
c Revised value. 
d Despite of the uncertainty of measurement exceeding the maximum-permitted value 

(± 0.10 dB) stated in IEC 60942:2017 [4], the measurement result was considered for 

comparison purposes. 

 
Figure 10 – Results reported by participants: Sound pressure level (corrected for load 

volume and for the reference environmental conditions) measured using a LS1P 

microphone. 

Table 3 – Results reported by participants: Sound pressure level (corrected for load 

volume and for the reference environmental conditions) measured using a LS1P 

microphone. 

NMI 
Measured SPL 

[dB (reference: 20 Pa)] 

Expanded Uncertainty 

95 %, k = 2 

[dB (reference: 20 Pa)] 

INMETRO 123.96 0.07 

NRC 123.98 0.08 

NIST 123.95 0.09 

CENAM   123.92a   0.06a 

INTI 123.92 0.07 

LACOMET 123.90   0.17b 

INACAL Not reported Not reported 
Notes: 
a The SPL was measured by the “direct measurement” method. Despite of the technical 

protocol [1] stating that it should be measured by the microphone method (insert 

voltage technique), the measurement result was considered for comparison purposes. 
b Despite of the uncertainty of measurement exceeding the maximum-permitted value 

(± 0.10 dB) stated in IEC 60942:2017 [4], the measurement result was considered for 

comparison purposes. (See Appendix D, for LACOMET comments). 
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Figure 11 – Results reported by participants: Frequency measured using a LS2P 

microphone. 

Table 4 – Results reported by participants: Frequency measured using a LS2P 

microphone. 

NMI 
Measured Frequency 

[Hz] 

Expanded Uncertainty 

95 %, k = 2 [Hz] 

INMETRO 251.2 0.1 

NRC 251.2 0.2 

NIST   251.17   0.12 

CENAM   251.17   0.01 

INTI 251.2 0.1 

LACOMET   251.17   0.03 

INACAL    251.17a    0.01a 

Note: 
a Revised value. 
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Figure 12 – Results reported by participants:  Frequency measured using a LS1P 

microphone. 

Table 5 – Results reported by participants:  Frequency measured using a LS1P 

microphone. 

NMI 
Measured Frequency 

[Hz] 

Expanded Uncertainty 

95 %, k = 2 [Hz] 

INMETRO 251.2 0.1 

NRC 251.2 0.2 

NIST   251.17   0.12 

CENAM   251.17   0.01 

INTI 251.2 0.1 

LACOMET   251.17   0.03 

INACAL Not reported Not reported 

  



16 
 

 
Figure 13 – Results reported by participants: Total harmonic distortion measured using 

a LS2P microphone. 

Table 6 – Results reported by participants: Total harmonic distortion measured using a 

LS2P microphone. 

NMI 
Measured THD 

[%] 

Expanded Uncertainty 

95 %, k = 2 [%] 

INMETRO    0.30   0.18 

NRC 0.9 0.3 

NIST    0.34   0.12 

CENAM    0.41   0.06 

INTI    0.85   0.50 

LACOMET    0.58   0.24 

INACAL      0.23a    0.03a 

Note: 
a Revised value. 
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Figure 14 – Results reported by participants: Total harmonic distortion measured using 

a LS1P microphone. 

Table 7 – Results reported by participants: Total harmonic distortion measured using a 

LS1P microphone. 

NMI 
Measured THD 

[%] 

Expanded Uncertainty 

95 %, k = 2 [%] 

INMETRO   0.31   0.18 

NRC 0.4 0.2 

NIST   0.34   0.14 

CENAM   0.39   0.06 

INTI   0.42   0.50 

LACOMET   0.38   0.23 

INACAL Not reported Not reported 
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Figure 15 – Results reported by participants: Total distortion + noise measured using a 

LS2P microphone. 

Table 8 – Results reported by participants: Total distortion + noise measured using a 

LS2P microphone. 

NMI 
Measured TD + N 

[%] 

Expanded Uncertainty 

95 %, k = 2 [%] 

INMETRO   1.30   0.30 

NRC 1.4 0.4 

NIST    0.88a     0.14a 

CENAM   1.15   0.05 

INTI Not reported Not reported 

LACOMET   0.96   0.36 

INACAL Not reported Not reported 

Note: 
a Revised value. 
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Figure 16 – Results reported by participants: Total distortion + noise measured using a 

LS1P microphone. 

Table 9 – Results reported by participants: Total distortion + noise measured using a 

LS1P microphone. 

NMI 
Measured TD + N 

[%] 

Expanded Uncertainty 

95 %, k = 2 [%] 

INMETRO   0.68   0.30 

NRC 0.7 0.3 

NIST     0.82a     0.21a 

CENAM    0.76    0.06 

INTI Not reported Not reported 

LACOMET    0.71   0.35 

INACAL Not reported Not reported 
Note: 
a Revised value. 

 

7 STATISTICAL EVALUATION OF INSTITUTES’ PERFORMANCE 

7.1 Supplementary comparison reference values for sound pressure level and 

frequency 

Tables 10 and 11 show the SCRVs for measurements using a LS2P and a LS1P microphone 

respectively. The results reported by all participants were used to calculate them. No 

correlations between the participants were accounted for in the following analysis. 

Table 10 – SCRV for measurements using a LS2P microphone. 

 Measurand 
Expanded Uncertainty 

95 %, k = 2  

SPL [dB (reference: 20 Pa)] 123.93 0.03 

Frequency [Hz] 251.17 0.01 
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Table 11 – SCRV for measurements using a LS1P microphone. 

 Measurand 
Expanded Uncertainty 

95 %, k = 2  

SPL [dB (reference: 20 Pa)] 123.94 0.03 

Frequency [Hz] 251.17 0.01 
 

7.2 Degrees of equivalence for sound pressure level and frequency 

According to the CIPM MRA guidelines [7] it is not a requirement to report the degrees 

of equivalence (DoE) for a supplementary comparison. However, the DoEs have been 

calculated and reported with its expanded uncertainty, U(DoE). Figures 17 to 20 and 

Tables 12 to 15 show the DoEs and respective expanded uncertainty, U(DoE), for 

measurements using a LS2P and a LS1P microphone. 

 
Figure 17 – Degrees of equivalence of the sound pressure level results measured using a 

LS2P microphone. 

Table 12 – Degrees of equivalence of the sound pressure level results measured using 

a LS2P microphone. 

NMI 
DoE of Measured SPL 

[dB (reference: 20 Pa)] 

Expanded Uncertainty 

95 %, k = 2 

[dB (reference: 20 Pa)] 

INMETRO  0.02 0.06 

NRC  0.04 0.06 

NIST  0.00 0.06 

CENAM -0.03 0.07 

INTI  0.04 0.07 

LACOMET -0.04 0.05 

INACAL  0.02 0.12 
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Figure 18 – Degrees of equivalence of the sound pressure level results measured using a 

LS1P microphone. 

Table 13 – Degrees of equivalence of the sound pressure level results measured using 

a LS1P microphone. 

NMI 
DoE of Measured SPL 

[dB (reference: 20 Pa)] 

Expanded Uncertainty 

95 %, k = 2 

[dB (reference: 20 Pa)] 

INMETRO  0.02 0.06 

NRC  0.04 0.07 

NIST  0.01 0.08 

CENAM -0.02 0.05 

INTI -0.02 0.05 

LACOMET -0.04 0.17 

INACAL Not applicable Not applicable 
  



22 
 

 
Figure 19 – Degrees of equivalence of the frequency results measured using a LS2P 

microphone. 

Table 14 – Degrees of equivalence of the frequency results measured using a LS2P 

microphone. 

NMI 
DoE of Measured 

Frequency [Hz] 

Expanded Uncertainty 

95 %, k = 2 [Hz] 

INMETRO 0.03 0.10 

NRC 0.03 0.20 

NIST 0.00 0.12 

CENAM 0.00 0.01 

INTI 0.03 0.10 

LACOMET 0.00 0.03 

INACAL 0.00 0.01 
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Figure 20 – Degrees of equivalence of the frequency results measured using a LS1P 

microphone. 

Table 15 – Degrees of equivalence of the frequency results measured using a LS1P 

microphone. 

NMI 
DoE of Measured 

Frequency [Hz] 

Expanded Uncertainty 

95 %, k = 2 [Hz] 

INMETRO 0.03 0.10 

NRC 0.03 0.20 

NIST 0.00 0.12 

CENAM 0.00 0.01 

INTI 0.03 0.10 

LACOMET 0.00 0.03 

INACAL Not applicable Not applicable 

 

7.3 Mean values calculated for total harmonic distortion and total distortion + noise 

Tables 16 and 17 show the arithmetic mean value (AM), the weighting mean value using 

all data (WM) and the weighting mean value using the largest consistent subset (WM – 

LCS) for measurements using a LS2P and a LS1P microphone respectively. The weighted 

means were calculated using the standard uncertainty as weighting factor and the 

largest consistent subset were calculated excluding the discrepant values, according to 

the procedure presented by Cox [6]. 
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Table 16 – Mean values calculated for total harmonic distortion and total distortion + 

noise measurements using a LS2P microphone. 

 Measurand [%] 

THD (AM) 0.52 

THD (WM) 0.28 

THD (WM – LCS)   0.40a 

TD + N (AM) 1.14 

TD + N (WM) 1.12 

TD + N (WM – LCS)   1.15b 

Notes: 
a LCS contains data reported by: CENAM, INMETRO, INTI, 

LACOMET and NIST. 
b LCS contains data reported by: CENAM, INMETRO, 

LACOMET and NRC. 

 

Table 17 – Mean values calculated for total harmonic distortion and total distortion + 

noise measurements using a LS1P microphone. 

 Measurand [%] 

THD (AM) 0.37 

THD (WM) 0.38 

THD (WM – LCS) Not applicablea 

TD + N (AM) 0.73 

TD + N (WM) 0.76 

TD + N (WM – LCS) Not applicablea 

Note: 
a All data are consistent. 

 

7.4 Measured total harmonic distortion, total distortion + noise and the calculated 

mean values 

Figures 21 to 24 show the measured total harmonic distortion, total distortion + noise 

(with expanded uncertainties) as reported by the participants and the calculated mean 

values for measurements using a LS2P and a LS1P microphone. 
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Figure 21 – Total harmonic distortion results reported by participants measured using 

a LS2P microphone. Solid line is the weighted mean value using the largest consistent 

subset (WM – LCS), dashed line is the arithmetic mean value (AM) and dotted line is 

the weighted mean value using all data (WM). 

 
Figure 22 – Total harmonic distortion results reported by participants measured using 

a LS1P microphone. Dashed line is the arithmetic mean value (AM) and dotted line is 

the weighted mean value using all data (WM). 
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Figure 23 – Total distortion + noise results reported by participants measured using a 

LS2P microphone. Solid line is the weighted mean value using the largest consistent 

subset (WM – LCS), dashed line is the arithmetic mean value (AM) and dotted line is 

the weighted mean value using all data (WM). 

 
Figure 24 – Total distortion + noise results reported by participants measured using a 

LS1P microphone. Dashed line is the arithmetic mean value (AM) and dotted line is the 

weighted mean value using all data (WM). 

 

8 COMMENTS 

All participating NMIs presented consistent results for sound pressure level 

measurements and this comparison can be used to support their Calibration and 

Measurement Capabilities (CMCs). However, INACAL and LACOMET should expend 

efforts to improve their measurement uncertainties because the reported values exceed 

the maximum-permitted value stated in the international standard IEC 60942:2017. It 
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should be observed that INACAL reported measurement results obtained by the sound 

calibrator comparison method and CENAM, by the “direct measurement” method. 

In addition, all participating NMIs also presented consistent results for frequency 

measurements. 

Concerning the total harmonic distortion and total distortion + noise measurements, 

supplementary comparison reference values were not determined. This was decided 

due to the notable variances observed in the check calibrations carried out by the pilot 

institute, with respect to its reported measurement uncertainty. Another reason was a 

large difference between the uncertainties of measurement reported by the 

participants for these results. The distortion (total harmonic distortion and total 

distortion + noise) results reported by participants are presented together with different 

calculated mean values (arithmetic mean value, weighted mean value using all data and 

weighted mean value using the largest consistent subset) in order to allow comparison 

between the results. It should be noted that measurement of total harmonic distortion 

is not required by IEC 60942:2017 and it was requested in this comparison only for the 

purpose of investigation. 

Overall, the supplementary comparison SIM.AUV.A-S2 was considered successful and fit 

its purpose: it allowed us to compare the sound pressure level and frequency 

measurements and to note the dispersion on the distortion (total harmonic distortion 

and total distortion + noise) measurements and on their estimated uncertainties. 
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APPENDIX A – RESULTS SUBMITED BY INACAL 

Table A.1 – First set of results submitted by INACAL measured using a LS2P 

microphone. Date of calibration: August 26th, 2019. 

 Measured 
Expanded Uncertainty 

95 %, k = 2  

SPL [dB (reference: 20 Pa)] 124.08 0.11 

Frequency [Hz] 251.18 0.01 

THD [%] 0.16 0.03 
 

Table A.2 – Revised set of results submitted by INACAL measured using a LS2P 

microphone. Period of calibration: October 14th to 22nd, 2019. 

 Measured 
Expanded Uncertainty 

95 %, k = 2  

SPL [dB (reference: 20 Pa)] 123.95 0.12 

Frequency [Hz] 251.17 0.01 

THD [%] 0.23 0.03 
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APPENDIX B – REPORTED SPREADSHEET TEMPLATES 

B.1 INMETRO 
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B.2 NRC 
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B.3 NIST 
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B.4 CENAM 

 

(to be continue) 
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B.5 INTI 
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B.6 LACOMET 
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B.7 INACAL 

Original results reported by INACAL. 
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Revised results reported by INACAL. 
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APPENDIX C – UNCERTAINTY BUDGETS 

C.1 INMETRO 

SPL - LS1P 

 

SPL - LS2P 
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C.2 NRC 
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C.3 NIST 

NIST Uncertainty Budget for Supplementary Comparison SIM.AUV.A-S2 

Sound Pressure Level Output of Pistonphone with LS1P microphone 

 

Source of Uncertainty Type Standard Uncertainty (%) 

Microphone sensitivity as 

determined by comparison 
B 0.38 

Microphone sensitivity drift A 0.16 

Microphone sensitivity due to 

environmental effects 
B 0.21 

Microphone sensitivity 

change with frequency 
B 0.01 

Oscillator voltage 

measurement 
B 0.07 

Barometric pressure B 0.07 

Voltage ratio measurement B 0.07 

Polarizing voltage drift B 0.07 

Microphone volume 

departure from nominal LS1P 

acoustical load volume 

B 0.06 

Departure from nominal 

acoustical load volume due to 

assembly of microphone with 

pistonphone 

B 0.07 

Estimate of combined 

standard uncertainty (%) 
 

0.49 

Estimate of expanded (k=2) 

uncertainty (%) 
 0.98 

   

Estimate of expanded (k=2) 

uncertainty (dB) 
 0.09 dB 
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NIST Uncertainty Budget for Supplementary Comparison SIM.AUV.A-S2 

Sound Pressure Level Output of Pistonphone with LS2aP microphone 

 

Source of Uncertainty Type Standard Uncertainty (%) 

Microphone sensitivity as 

determined by reciprocity 
B 0.21 

Microphone sensitivity drift A 0.16 

Microphone sensitivity due to 

environmental effects 
B 0.21 

Microphone sensitivity 

change with frequency 
B 0.01 

Oscillator voltage 

measurement 
B 0.07 

Barometric pressure B 0.07 

Voltage ratio measurement B 0.07 

Polarizing voltage drift B 0.07 

Microphone volume 

departure from nominal 

LS2aP acoustical load 

volume 

B 0.06 

Departure from nominal 

acoustical load volume due to 

assembly of microphone with 

pistonphone and DP 0776 

adapter 

B 0.20 

Estimate of combined 

standard uncertainty (%)   
0.42 

Estimate of expanded (k=2) 

uncertainty (%) 
  0.84 

   

Estimate of expanded (k=2) 

uncertainty (dB) 
  0.07 dB 
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C.4 CENAM 

 

(to be continued) 
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C.5 INTI 
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C.6 LACOMET 

INCERTIDUMBRE CALIBRADOR 4160 LACOMET 

 

(to be continued) 
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INCERTIDUMBRE CALIBRADOR 4180 LACOMET 

 

(to be continued) 
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C.7 INACAL 

 

(to be continued) 

 



62 
 

 

(to be continued) 

 

 



63 
 

APPENDIX D – LACOMET COMMENTS ON THE UNCERTAINTY REPORTED FOR SOUND 

PRESSURE LEVEL 

The note “b”, presented under Table 3, informs that “Despite of the uncertainty of 

measurement exceeding the maximum-permitted value (± 0.10 dB) stated in IEC 

60942:2017 [4], the measurement result was considered for comparisons purposes.” 

During the process of reviewing the draft A report, LACOMET provided additional 

information about its uncertainty report for sound pressure level using a LS1P 

microphone. The following explanation was given by LACOMET: 

 

“…in the TECHNICAL PROTOCOL SIM.AUV.A-S2 it was established that: 

‘Results shall be corrected for the load volume corresponding to the microphones used 
and for the reference environmental conditions specified in IEC 60942:2017 (air 
temperature: 23 oC, static pressure: 101,325 kPa and relative humidity: 50 % rh) [2] using 
the information presented in the pistonphone user manual [4]. The user manual will be 
circulated with the artefact to avoid the use of a different source of data by the 
participants.’ 

The corrections are given in table 3.1 of the user manual for the Bruel and Kjaer 4180 

and 4160 microphones, but the manual does not give the uncertainty of such correction, 

so some criteria are required to estimate it, such as in the extreme case of, in the absence 

of information, using the same correction as uncertainty, a conservative criterion is to 

estimate the uncertainty from the correction treating it as a rectangular distribution (this 

was my case as you can confirm in the book of uncertainties sent , sheet ‘4. U cal cond. 

Reference, cell I32)’, another option would be to use a fraction of the error to estimate 

uncertainty, but this criterion requires more information. 

If equation (3.4) of the equipment manual is used, it is necessary to calculate the 

microphone front volume and the microphone equivalent volume, these data that are 

normally in the microphone calibration certificate or technical information of the 

manufacturer of this. In the case of the 1” microphone, it is possible since there is no 

adapter between the piston and the microphone, but in the case of the ½” microphone, 

the microphone front volume and the microphone equivalent volume is not enough since 

the middle is DP0776 adapter. In fact, the ‘Vload actual effective load volume’ of the Bruel 

& Kajer 4180 microphone with the DP0776 adapter has a value of 1.14 cm3, information 

that is not given in the microphone calibration certificate or in the pistonphone manual, 

is a little hidden but it is there in the Instruction Manual Bruel & Kjaer BE0168-13, page 

7. 

The expanded uncertainty for the environmental reference conditions for the 1” 

microphone performing the calculations from equation (3.4) of the pistonphone user 

manual is 0.07 dB and the uncertainty expanded and reported using the criterion of a 

rectangular distribution for the correction given in table 3.1 of the pistonphone user 

manual calibrator is 0.17 dB.” 


